New Zn 1.5 Co 1.5 B 7 O 13 Br boracite crystals were grown by chemical transport reactions in quartz ampoules, at a temperature of 1173 K. The crystal structure was characterized by X-ray diffraction.
I. INTRODUCTION
The term boracites is at present given to more than 25 isomorphous compounds all with the general formula Me 3 B 7 O 13 X, where Me is one of the divalent metals Mg, Cr, Mn, Fe, Co, Ni, Cu, Zn or Cd and X is usually Cl, Br or I. Occasionally X can be OH, S, Se or Te and monovalent lithium substitutes for Me; then the formula becomes Li 4 B 7 O 12 X where X is a halide [1, 2] . Natural and synthetic boracites have attracted the attention of researchers since the early times R. J. Haüy [3, 4] . The mineral boracite Mg 3 B 7 O 13 Cl, provides the name of this large family [2, 3] . Only other four natural boracites are known: ericaite, chambersite Mn 3 B 7 O 13 Cl [5] , congolite Fe 3 B 7 O 13 Cl [6] , and trembathite (Mg,Fe) 3 B 7 O13Cl [6] . Ericaite and trembathite are natural mixed boracites, which have been taken as motivation on this investigation to synthesize other types of mixed boracites. The reason to synthesizing the mixed (Zn,Co) 3 B 7 O 13 Br boracites, is related to the idea to understand more about the physical and chemical properties, when combining metals. Boracites have received special attention because of their unusual physical properties [7] [8] [9] [10] . In this contribution we present results on the crystallographic characteristics and mainly on the new magnetic properties presented in Zn 1.5 Co 1.5 B 7 O 13 Br. We report the magnetic characteristics from room to low temperatures, investigating the influence of the magnetic field, and the behavior of the specific heat at low temperatures. We found that irreversibility in χ(T ) is strongly dependent on the intensity of the applied magnetic field. We explain this behavior as the transition from low to high spin changes (metamagnetic transition). So, at low field the material behaves as a ferrimagnet, and transits to a ferromagnetic state (high spin) with increasing magnetic intensity. In addition specific heat measurements show a Schottky anomaly at low temperature. We interpreted this anomaly as a resonance between the splitting of spins, from ms states: 3/2 to -3/2, and the thermal energy.
II. EXPERIMENTAL DETAILS

A. Crystal growth
The Schmid method for the sample preparation of crystalline materials was followed [11] . B. Crystal structure analysis X-ray data were collected using graphite monochromated MoKα radiation λ = 0.71073 A in a Enraf-Nonius Kappa-CCD diffractometer. Data reduction was made by the DenzoScalepack software [12] . The Structure was solved by direct method and refined by fullmatrix least squares, using the SHELX97 package software [13] .
C. Refinement details
Refinement of Boracites by single-crystal techniques is complicated because the very frequent twins created in the growing process [14] . In order to solve this complication we used a twin matrix method to refine the crystal structure. We detected two domains in the studied single crystal by using the package PLATON [15] . In order to have a better interpretation of the studied electronic densities a Multi-Scan absorption correction was used with the SADABS software [13] . Due to high electron density of the Bromine atoms, the localization of light elements becomes complicate, and also the corresponding refinement:
This fact explains the low isotropic temperature factor(Uiso) in the Boron and Oxygen atoms. Accordingly, the X-ray pattern of the studied sample was refined isotropically. In this case was necessary to consider a restrain for the occupation. This was taken as 0.5 of Zn/Co atoms; with this restrain we obtained good agreement for the anisotropical values for Zn and Co atoms. thus, good convergence and low R value were obtained.
D. Magnetic measurements
Magnetic measurements were performed using a MPMS magnetometer (Quantum Design). M − T measurements were obtained at three different magnetic intensities; 100, 1000, and 5000 Oe. The data acquisition modes were the standard Zero Field Cooling (ZFC) and Field Cooling (FC). After these measurements we obtained the magnetic susceptibility as a function of the temperature χ(T ) in terms of cm 3 /mol, and the Pascal constant were added. In addition, we performed isothermal magnetization measurements cycles at various temperatures.
E. Specific heat measurements
Specific heat measurements C P as a function of temperature were performed using a thermal relaxation method, utilizing a PPMS (Quantum Design) apparatus. Measurements were performed at low temperatures with applied magnetic field of 0, 100 and 5000 Oe. The
C P values were corrected subtracting the addenda due to the sample support and the grease used to glue the sample on the support.
III. RESULTS AND DISCUSSION
A. Structural characterization X-ray diffraction analysis reveals that Zn 1.5 Co 1.5 B 7 O 13 Br compound crystallizes in an orthorhombic structure with space group Pca2 1 (No. 29). The structural parameters determined are summarized in I. In Supplementary Material the final refined positional and thermal parameters are given in Table 2 , and the main interatomic distances and angles are given in Table 3 . The unit cell for this boracite is shown in 1.
The bond distances and angle values on first approach, looks abnormal. The reason is because the difference between the coordination polyhedral bond distance is too big. 2.756(5)Å, which implies a big distortion of the polyhedrons. This polyhedral distortion is a characteristic of every boracite compound [16] [17] [18] [19] [20] . We found that the diagonal value between the lattice constant a and b is 12.1151Å, which is almost the same value of the c parameter (12.1198Å). Likewise, observing the bond distance between different tetrahedra, as BO 4 , we clearly can distinguish very strong deformations. These deformations may provokes that the total atom charge in the crystal structure not be neutralized, and consequently zones with negative and positive charge could appear. This distortion generates electric dipoles along the preferred direction of the crystal structure.
B. Magnetic behavior
2 displays the susceptibility as a function of temperature measured at 100 Oe. At first glance we can see two characteristics: In FC mode χ(T ) presents a paramagnetic behavior at high temperature, the values are quite small and close to zero. At low temperature, about 50 K the χ value gradually increases and at about 12 K χ presents a rapid increase;
at 2 K has a huge value of about 4 cm 3 /mol. However, in the ZFC mode at 2 K also, χ is negative but rapidly grows as the temperature rises, the a maximum values at 11 K is about 0.23 cm 3 /mol. This is small in comparison to the maximum value in FC mode. A that maximum the two modes present an irreversible behavior when the temperature decreases.
This behavior clearly is displayed in the insert of 2. 3 shows the inverse susceptibility χ −1 (T ), used to determine the magnetic characteristics. As already mentioned, at high temperature the compound follows a Curie-Weiss law that was fitted with a constant, C = 2.46 ± 0.03 isothermal M − H at 2.6 K to illustrate crossover from low spin to high spin.
5 displays the susceptibility as a function of temperature measurements into magnetic fields of 1000 Oe and 5000 Oe. Note that the irreversible temperature changes at lower temperature and disappears at 5000 Oe. We interpreted this behavior as a metamagnetic transition. However in order to have a clear confirmation of this feature we plotted at low temperature isothermal M − H measurements. This characteristic shows a small but discernible change from low to high spin as the magnetic intensity is increased. Metamagnetism is due to the applied field strength that overcome the crystal anisotropic force, producing an abrupt change in the internal order [21] .
C. Specific heat
Lastly, in order to confirm the complicated physical characteristics of this boracite, we studied the specific heat at low temperatures. Our experiments show an anomalous wide peak, that we characterized as a Schottky anomaly (6) . This occurs at low temperatures, where spin population may be excited by thermal energy between e g and t 2g levels of the system. This Schottky anomaly occurs at about 4.3 K, the thermal energy at this temperature is about 370 × 10 −6 eV, corresponding approximately to the splitting of the ±s = 3/2 states.
IV. CONCLUSIONS
A new Zn and at different magnetic intensities show that the general behavior at low temperature changes; first at all, the irreversibility disappears at an intensity of about 5000 Oe, and the anomalies change. This behavior is because the low to high spins crossover, affecting the general characteristics. We identify this reduction of irreversibility as a metamagnetic transition. Lastly, specific heat measurements at low temperature show an anomaly that clearly was identified as a Schottky anomaly.
